objectives To ascertain household coverage achieved by Swaziland's national community health worker (CHW) programme and differences in household coverage across clients' sociodemographic characteristics.
Introduction
Community health workers (CHWs) are increasingly highlighted as an important mechanism for building more responsive healthcare systems in developing countries [1, 2] . Their salience is particularly emphasised in contexts where there is a need to extend primary healthcare services [3] . Such contexts most typically include countries with large rural populations and/or with overextended and under-resourced human resources for health (HRH) . The use of CHWs in such areas is thought to be a key strategy for increasing horizontal equity in access to health care between rural and urban populations as well as between individuals from different socio-economic backgrounds [4] .
CHWs are thought to be an effective means of increasing access to primary health care in low-and middleincome countries (LMICs) for several reasons. First, CHWs are typically not paid highly and are trained much less extensively than nurses or physicians, and thus, a higher number of them can be recruited by the health system. Second, the types of responsibilities that have been identified as appropriate for task shifting to CHWs, although basic, are extensive. For example, the WHO estimates that of the 313 tasks it deems essential for HIV prevention, testing, and care, more than one-third (115/ 313) are appropriate for task shifting to CHWs [5] . Third, CHWs are typically recruited to work in the communities in which they live. By design, this should allow CHWs to have an in-depth understanding of client needs. Lastly, because CHW visits usually take place at the patient's home, CHW programmes may increase access to care by eliminating patients' transport costs to the healthcare facility (which have been shown to pose a considerable financial burden on clients [6] ) and reducing patients' tendency to put off non-urgent visits to the future ('present bias') [7] . Indeed, there is some evidence to show that CHWs are able to help decrease horizontal inequities in access to health care, increase health system capacity by sharing workload, and improve health outcomes [4, [8] [9] [10] .
In recent times, policy makers and researchers have intensified their interest in rigorously evaluating the implementation of CHW programmes in the short term, such as through randomised trials [11] . While ensuring that CHW programmes function effectively in the short term before they are brought to scale is important, many LMICs have existing CHW programmes that have been operating at scale for many years. It is our view that evaluations of these long-standing programmes can inform the design of new CHW programmes that aim to provide effective care in the long term and that successfully adapt to changing demographics, disease burdens, and health system structures in their local setting.
Swaziland's rural health motivators programme
One such programme that is ripe for evaluation is Swaziland's Rural Health Motivator (RHM) programme. Established in 1976, it includes 5200 community health workers who are recruited from the communities in which they serve. RHMs are paid a monthly stipend of 350 Swazi Lilangeni (USD 22.30, not adjusting for purchasing power parity), and, according to the National Health Sector Strategic Plan 2008-2013, are each responsible for between 15 and 20 households [12] . The programme operates in all of Swaziland's four administrative regions, exists in both rural and urban areas, and is intended to cover all households in the nation [12, 13] . In terms of job responsibilities, RHMs conduct a range of activities including (i) referring individuals to facilitybased care, (ii) disseminating basic information on health, hygiene, and dietary behaviour, (iii) encouraging basic healthcare uptake, (iv) monitoring basic paediatric health indicators for children under five, including weight and height measurements, and (v) promoting adult literacy [14] . RHMs are thus designed to be a cadre that can serve both as a first point of contact in case of ill-health or a medical emergency, and as a source of regular information and advice on a variety of health topics. [12, 13] The RHM cadre has the potential to fill a critical gap in Swaziland's human resources for health, as the country had only 17.7 skilled health professionals (defined as physicians, nurses, and midwifes) per 10 000 inhabitants in 2006 (the most recent year for which data were available) [15] .
The most recent published evaluation of the RHM programme was conducted more than 20 years ago and did not include a population-based assessment of programme coverage [16] . Similarly, there is no recent evidence on the effect of the programme on bridging gaps in health equity. We therefore conducted a population-based survey to determine the extent to which the RHM programme achieves its aim of covering all households in Swaziland, and differences in coverage across individuals' sociodemographic characteristics.
Methodology

Study setting
This study took place in the Lubombo and Manzini regions of Swaziland, which are two of four administrative regions in this lower middle-income country in Southern Africa [17] . Lubombo and Manzini jointly account for 52.6% of Swaziland's estimated total population of 1.1 million [17] (Table S1 ). While these two regions were selected for the survey because they were the regions that were the least costly to reach for the data collection team, they can be viewed to be jointly representative of the whole country because Manzini is Swaziland's wealthiest and most urbanised region, whereas Lubombo is the country's poorest and most rural region.
Data collection
We conducted a population-based household survey, which was representative for two (Lubombo and Manzini) of Swaziland's four regions. All household members aged 11 years and older were asked to complete an interviewer-administered questionnaire. Minors aged 11 to 17 years were included in the survey because they may have been visited by a RHM in the absence of an adult (whereas visits to younger children were assumed to have taken place in the presence of an adult household member). The survey design employed two-stage stratified cluster random sampling whereby the strata were region, and rural vs. urban. In the first stage, we chose a simple random sample of 42 census enumeration areas (EAs) in Manzini and 43 EAs in Lubombo. Five EAs in each region were urban with the remainder being classified as rural by the Swaziland Statistics Office. In the second stage, we selected 18 households in each EA using systematic random sampling. This sample size was determined to be the minimum necessary to ascertain the prevalence of household coverage by the RHM programme with a precision of AE eight percentage points, under the assumptions that household coverage was between 40% and 70%, and the intra-cluster correlation coefficient (with the cluster being an EA) lies between 0.01 and 0.1.
Due to logistic constraints, households were not revisited if no adult household member was available at the time of the visit; these households were instead replaced with another randomly selected household. In addition to sociodemographic characteristics, the questionnaire asked whether household members had ever been visited by a RHM, and how often as well as for how long. Later sections of the questionnaire (data that were not analysed for this study) included questions on care-seeking behaviour, smoking, alcohol consumption, mental health, family planning, and knowledge of HIV and tuberculosis. We also administered a questionnaire to the household head (or another adult in the household if the head was not present), which included a set of standard questions from the Demographic and Health Surveys (DHS) intended to gauge household wealth. Twenty-one participants refused consent and 13 participants requested to stop the interview before completion of the questionnaire. Data were collected from June to September 2015.
Ethics
This study was approved by the Swaziland Ethics Committee on March 31st 2015 (MH/599C/FWA 000 15267/ IRB 000 9688) and exempted by the institutional review board of the Harvard T.H. Chan School of Public Health. Written informed consent was obtained from all participants. For participants younger than 18 years, we obtained the written consent of both the legal guardian and the minor.
Outcome variables
Our main outcome variable was RHM coverage, which was defined as an individual or household having ever received a visit from a RHM. If two individuals from the same household disagreed about whether their household had been visited by a RHM, we considered the household to have been visited. Secondary outcome variables were: (i) individual coverage, defined as an individual (rather than any household member) ever having received a visit from a RHM, (ii) visit frequency, defined as the total number of times that a household was visited by a RHM in the 12 months prior to the survey, and (iii) visit time, defined as the length of a typical RHM visit in the 12 months prior to the survey. Participants whose household had never been visited by a RHM were asked each of 11 binary 'yes or no' questions to ascertain why respondents thought their household had not been visited (see Table S2 ). This list of potential reasons was generated based on the authors' experiences in similar settings.
Explanatory variables
The explanatory variables used in this analysis were included in the questionnaire and in these analyses based on our prior hypothesis that they may predict household coverage. These variables were participant sex (binary), age (continuous), years of residence in the community (continuous), marital status (binary), educational attainment (categorical), employment status (binary), region (Lubombo or Manzini), rural/urban (binary) and household wealth index (categorical). We calculated a na€ ıve household wealth index using standard DHS household wealth questions [18] , which asked about having (i) piped water on the premises, (ii) safe drinking water, (iii) a flush toilet, (iv) unshared toilet facilities, (v) a ventilated kitchen facility (as evidenced by a separate room for cooking or an outside building), (vi) home ownership, (vii) use of electricity or liquefied petroleum gas as the primary source of fuel, and (viii) a finished floor, roof, and walls. Having any of these characteristics was given equal weight in the calculation of the summary wealth score, which ranged from zero to eight. This score was then categorised into 'quartiles' to yield four groups that were as equally sized as possible (these groups were those with a score <5, score = 5, score = 6, and score >6).
Data analysis
We used uni-and multivariable logistic regression models to identify differences in coverage by sociodemographic characteristics. Standard errors were adjusted for clustering at the level of the primary sampling unit (EAs). We performed a complete case analysis (i.e. missing data was not imputed) whereby the percentage missing was less than two percent for all variables. The exception was household wealth quartile for which the percentage missing was 47.3%. All 'prevalence' estimates in this manuscript (e.g. the proportion of households ever visited by a RHM) were adjusted for the complex survey design using sampling weights. Statistical analyses were conducted in Stata 13.0.
Results
Sample characteristics
A total of 2312 individuals and 1542 households participated in the survey. Table 1 summarises basic sociodemographic characteristics of the sample. About 58.3% of participants were from Manzini. The mean age was 37.1 years, and about a third (31.0%) of the sample was female. About 27.4% indicated that they were employed. Individuals had lived in their communities for a mean of 22.2 years. About 16.7% of participants had not had any schooling, and 28.9% only had primary schooling.
Coverage of the RHM program
About 44.5% (95% CI: 38.0% -51.1%) of participants stated that their household had ever received a visit from a RHM. These respondents reported having received a mean of 8.3 visits (95% CI: 7.3-9.3) and a median of 6.0 visits (Interquartile Range [IQR]: 2.0-12.0) in the 12 months prior to the survey. About 33.4% (95% CI: 28.6% to 38.7%) of participants stated that they themselves (rather than someone else in their household) had ever been visited.
Visits in the 12 months prior to the survey. About 9.5% (95% CI: 7.9-11.5%) of households that had ever received a RHM visit reported that no visit had occurred in the 12 months prior to our survey. Participants who had been visited in the previous 12 months were asked about the average length of an RHM visit -the mean response across these participants was 34.6 min (95% CI: 32.9-36.3 min) and the median 30.0 min (IQR: 20.0-60.0).
Perceived reasons for not being visited. Participants whose household had never been visited by a RHM were asked each of 11 binary 'yes or no' questions to ascertain why respondents thought their household had not been visited (see Table S2 ). The three reasons on which individuals answered with 'yes' the most were (i) the RHM is lazy (20.9%), (ii) no one in the household had been ill and thus no visit was warranted (20.4%), and (iii) the RHM has too many households to take care of (20.2%). Figure 1 shows the variation between communities (EAs) in the percentage of households ever visited by a RHM. Across EAs, household coverage varied from 6.3% to 100.0% with a median of 53.5% (IQR: 23.3-64.1).
Differences in coverage between population groups
For the remainder of the results section, we refer to 'household coverage' as either the participant or his/her household having ever been visited by a RHM, while 'individual coverage' indicates whether the participant himself/herself had ever been visited. Table 2 shows univariable and multivariable regression results examining sociodemographic factors associated with coverage. In univariable regressions, age, years lived in the community, being married, and living in a rural rather than an urban area were all positively associated with household and individual coverage, while education, being employed, and wealth quartile were negatively associated. In multivariable regressions, years lived in the community and living in a rural area was positively associated with household coverage; education and wealth quartile were negatively associated. Regarding individual coverage, age, years lived in the community, and being married were positively associated with the multivariable regression, while being female and education were negatively associated. A likely reason for which being married was significantly associated with coverage in univariable regressions (but not in multivariable regressions) is that those who were married were, on average, older than those who n, number of individuals;%, percentage; SD, standard deviation. †As described in the methods, this is a na€ ıve wealth index score that was divided into four groups (score <5, score = 5, score = 6, and score >6), referred to as 'wealth quartiles' in this manuscript.
were unmarried (46.1 years vs. 30.1 years, respectively). Figure 2 depicts the average predicted probability of a household having ever been visited by a RHM by wealth quartile. It shows that the probability of being covered is similar between wealth quartiles 1 and 2 but then declines thereafter.
RHM visit frequency and length
In univariable regressions, age and years lived in the community were positively associated with visit frequency, while being female and education were negatively associated (Table S3 ). However, in the multivariable model, only being female remained significantly associated with visit frequency whereby the model found that females reported, on average, receiving 2.2 RHM visits less than males during the last 12 months (P = 0.046). None of the explanatory variables included in the model were significantly associated with visit length in either uni-or multivariable regressions. The exception was wealth quartile, which was positively associated with visit length in the univariable (P = 0.065) and multivariable (P = 0.049) regression.
Discussion
While the RHM programme aims to visit every household in Swaziland at least once a month [12] , this population-based survey found that less than half (44.5%) of all households report to have ever received a visit from a RHM. Thus, our primary finding is that the programme falls far short of its intended reach. It is likely that an important reason for this is a shortcoming at the planning level. We calculated that there were approximately 312 000 households in Swaziland in 2015, using an estimated population size of 1.436 million [19] , and a mean household size of 4.6 people [20] . Thus, with the programme consisting of around 5200 RHMs, the mean number of households assigned to a RHM would need to be 60 to cover every household in the nation. Yet, it is clear that RHMs are assigned far fewer households: 25 according to a personal communication with the RHM programme manager, and still fewer (15-20 households) according to official documents [12, 14, 21] . RHMs themselves reported to be responsible for a mean of 30.1 households (95% CI: 29.0-33.0), and a median of 29 households. We obtained these numbers from a separate data collection exercise in 2015, which surveyed a stratified random sample of 306 RHMs in Lubombo and Manzini region. Thus, an important policy implication of this study is that to achieve full coverage, the RHM programme will need to increase the number of households assigned per RHM and/or recruit more RHMs. As only 21.1% (64/303) of RHMs agreed that their compensation of 350 Lilangeni (equal to USD 22.30, not adjusting for purchasing power parity) was fair given their workload, an increase in the number of households assigned per RHM may need to be accompanied by a raise in their compensation. In addition, there should be a mechanism in place whereby the number of RHMs (and/or the number of households assigned to each RHM) is adjusted over time in accordance with population growth (Swaziland's population has increased from 533 000 in 1976, when the RHM was initiated, to 1 287 000 in 2015 [22] ) and the resulting increase in the number of households. Another possible reason for the observed low coverage of the RHM programme is that RHMs do not visit the households for which they are responsible, either because RHMs have a lack of motivation to perform their work or because households turn them away. Our data suggest that this reason is less important as only 20.9% of RHM, rural health motivator; OR, odds ratio; CI, confidence interval.
†All standard errors were adjusted for clustering at the level of the primary sampling unit (enumeration area). ‡Household coverage was defined as either the participant or his/her household having ever been visited by a RHM. §Individual coverage was defined as the participant himself/herself having ever been visited by a RHM. ¶P-value for linear trend. kBinary variable indicating whether the person is currently married or not. Not being currently married was the reference category in these regressions.
households that were never visited by a RHM felt that they were not being visited because the RHM was insufficiently motivated. Similarly, only 2.3% of respondents answered 'yes' to the statement 'we have asked the rural health motivator not to visit this household'. As the RHM and other CHW programmes are generally implemented with the aim of increasing access to primary healthcare services for the entire target population, differences in coverage by individuals' sociodemographic characteristics are an important consideration. While some variability in coverage would be expected merely by chance in this survey, Figure 1 shows that coverage varies widely between communities. To the extent that all citizens in Swaziland should have the same degree of access to governmental healthcare services, this could be viewed as one important indicator of inequality. In addition, being a woman was negatively associated with both individual coverage and visit frequency. Differential coverage of the programme by other socioeconomic characteristics of participants, however, could reflect the population's healthcare needs. More specifically, increasing age was positively associated with both household and individual coverage, which could simply be a function of an increase in ill-health with age. Similarly, both wealth and education were negatively associated with coverage, which again may be explained by a higher probability of poor health among the socioeconomically disadvantaged. Overall, it is thus plausible that the RHM programme reduces social inequities in access to health care in Swaziland similar to what a recent systematic review has found to be the case for several other CHW programmes in LMICs [4] . A limitation of this study is that we are unable to disentangle the reasons for which RHMs were more likely to visit households that were poor and less educated. These reasons could include (i) poorer households had a higher healthcare need, (ii) RHMs made a conscious choice to prioritise poorer households regardless of their healthcare need, (iii) someone was more likely to be present in poorer households at the time of a RHM visit, (iv) poorer households were more welcoming to RHMs, and (v) wealthier households had, on average, better access to other healthcare providers and were thus less likely to call upon RHMs for help or advice.
There are several additional limitations to this study that should be considered when interpreting our results. First, we did not revisit households during the household survey, meaning that individuals who are frequently absent from their homes during the day (e.g. for employment reasons) may be underrepresented in our sample. Under the assumption that RHMs are more likely to visit individuals who tend to be at home during the day, this implies that our coverage estimates are likely an overestimate of the true coverage level. Second, information on coverage and visit characteristics was self-reported, and as such both may be subject to recall bias. Specifically, it is possible that individuals who were visited by a RHM in the distant past, but not more recently, may not remember having ever been visited. While this would imply that the observed coverage levels are an underestimate, our results would still be a valid estimate for coverage in the recent past, which is likely of higher policy interest than coverage in the more distant past. Third, our results may suffer from social desirability bias. As RHMs are selected by the community and live in the same communities as the respondents, it is possible that some respondents reported having received a visit because they perceived this to be the more socially desirable response (e.g. to maintain harmony in the community). On the flipside, RHMs living in the same communities as their clients implies that they are well-known to other community members and thus bias in this study due to confusion of RHMs with other CHW cadres is unlikely. Fourth, our sample included more males (68.8%) than would be expected based on the distribution of males vs. females in the population. This imbalance could be a result of the custom in Swaziland that men are expected to This figure shows the average predicted probability of a respondent reporting that his/her household has ever been visited by a RHM. 2 In the multivariable regression, participants' covariables (other than wealth quartile) were held at their observed values. The multivariable regression included the following covariables: age (continuous), sex (binary), years in the community (continuous), married (binary), education (categorical), employed (binary), region (binary), and rural vs. urban area (binary). 3 The vertical bars depict 95% confidence intervals calculated using the delta method (as estimated with the 'margins' command in Stata 13.0). Only one side of the confidence interval is shown in each series for improved clarity of the graph.
attend to visitors (and subsequent failure by the interviewer to approach other household members for the questionnaire) and/or that women were more frequently engaged in economic activities that took place further away from the household than men (e.g. to sell produce on the market). Lastly, the survey covered only two of the four administrative regions in Swaziland. However, it is likely that our results are representative for the entire country given that Lubombo and Manzini region account for a large proportion (53%) of the country's population. Additionally, the RHM programme is not structured or implemented differently by region making it unlikely that coverage would differ substantially between the regions.
Conclusion
Swaziland's national CHW programme is falling far short of its coverage aims. There are significant discrepancies in coverage between communities and by gender. Apart from policies to ensure high motivation among RHMs, programme reform aimed at achieving coverage goals would inevitably need to include an increase in the RHM workforce and the number of households assigned to each RHM. If such a scale-up of the programme is not feasible, then a programme targeted explicitly at those in most need of RHM care may result in less arbitrary discrepancies in coverage between communities and households.
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